The protected natural areas of Ecuador face several environmental threats; grazing is one of them in several national parks (NP) including the Cotopaxi National Park (CNP). National Park managers are proposing action alternatives to reduce grazing environmental impact while promoting social and economic development of cattle ranchers and the other stakeholders. For the success of any of these actions, as much consensus as possible is needed among all involved stakeholders.
Introduction
The Cotopaxi National Park (CNP) is placed in the Andes Cordillera, in the provinces of Cotopaxi, Pichincha and Napo, 60 km to the south of Quito (Ecuador). In this park, the highest mountain is de Cotopaxi volcano (5987 meters above sea level). According to Coello (2007) , this park is constituted by grazing area (60,47%), snow or ice (22,82%), rocks (13,41%) and short period crops (corn) and forest plantations (3,30%). Nowadays, the CNP is one of the main touristic attractions in the country, visited by approximately 120.000 tourists per year: foreigners (57%) and local tourists (43%), who mostly visit the Cotopaxi volcano.
This natural area faces several environmental problems, which must be solved through participatory management, in order to fulfill the conservation objectives of the ecosystems and the natural resources of this area. The main environmental problems identified in the CNP are the following: grazing, burning of grazing areas, illegal hunting and fishing, and erosion.
The problem of overgrazing in the CNP is well known (Pugh y Sarmiento 2004) . Despite of all undertaken activities, there are no consensual actions to satisfy the different actors, and some of them feel that neither their interests are taken into account, nor they know the interests of the other actors (Busch y Silva 2006).
In the solution of the different environmental, social and economic problems, the Multi-Criteria Decision Aids (MCDA) have demonstrated to be very helpful tools, especially the Analytical Network Process (ANP), the one proposed for modeling one most important problem of the CNP: grazing. Hence, this paper presents the application of the Analytical Network Process (ANP) to modeling the decision problem and helping stakeholders to participate assessing the sustainability of the solution alternatives to overgrazing in CNP. It is very important to count on the participants who are involved throughout the evaluation and interpretation processes and use of the results. Therefore, the aim of this proposal is not to substitute the work of any of the environmental assessment experts, but on the contrary, to ease and facilitate it. The experts' opinions and judgments are the only ones to be taken into account and to be the input data in the evaluation model.
The use of ANP for the assessment of environmental problems
The Analytic Network Process (ANP) is a method proposed by Saaty (2001) . It provides a framework for dealing with decision making or evaluation problems. It presents its strengths when working in scenarios with scarce information. ANP generalizes the problem modeling process using a network of criteria and alternatives (all called elements), grouped into clusters. All the elements in the network can be related in any possible way, i.e. a network can incorporate feedback and interdependence relationships within and between clusters. This provides an accurate modeling of complex settings and allows handling the usual situation of interdependence among elements in environmental assessment scenarios.
Some of the recent applications involving ANP are found in strategic policy planning (Erdoğmuş et al., 2006) ; forest management (Partovi and Corredoira, 2002) ; Local Agenda programmes priotisation (PerisBlanes et al., 2011) or environmental pressure assessment (Gómez-Navarro et al. 2009 ).
Methodology

Analytic Network Process (ANP)
Details on the Analytic Network Process (ANP) can be found in Saaty (2001) , however, the main steps are summarized here for completeness. In this research, the ANP method was used to design the decision making model. The aim was to establish the main strategies to resolve the problem of grazing in order to support the Cotopaxi National Park administration to carry out a successful management. This research was divided in two levels: the first level was intended to identify the criteria involved in the decision making about the grazing, and then to design the decision making model. The second level was intended to promote the participation of the main stakeholders in order to select and prioritize the solution alternatives according to the satisfaction of their interests. In the Figure 1 , the methodology is described through the main steps, which led the present research.
Understand the problem and procedure There were three groups of implicated agents: (i) facilitators of the ANP process (authors of this research), (ii) experts' panel to model the assessment problem, and (iii) stakeholders related to the national park in order to assess the model with the criteria and solution alternatives for the grazing problem. The two experts selected the ANP elements and designed the decision model, i.e. the correlation matrix (see Table 1 ):
• One expert in natural resources sustainable management. He is a Geographic Engineer and MSc in Environmental Geography, with several national and international postgraduate courses. Besides, this expert has been university professor on Environmental Impact Assessment and Natural Resources Management, during the last 15 years.
• One expert in protected natural areas management, who is an Engineer in Ecotourism and Natural Areas Conservation, with wide experience in natural areas management due to his works in the planning and administration of natural parks and ecological reserves of Ecuador.
Clusters and criteria
According to the literature review and the experts' proposals the assessment criteria are:
CLUSTER 1: SOIL DEGRADATION C1: Erosion: it is produced by the livestock footprints, which deteriorate de soil structure, leaving the soil exposed to different types of erosion such as: laminar, hydro and wind erosion (Nunes et al. 2011 ; Blanco Sepúlveda y Nieuwenhuyse 2011).
C2: Soil compaction: it is produced by intense footprints of livestock, this makes the soil loses its structure and texture, and becomes compacted (Quiroga et al. 2009 ; Blanco Sepúlveda y Nieuwenhuyse 2011).
C3: Loss of vegetation cover: it is produced by the livestock footprints, which do not allow the growing of mew plants of pasture, herbs and grasses. Also it is due to the livestock feeding process that requires a lot of pasture and forage herbs. All of this makes the high altitude Andean plants (pasture and forage herbs) lose their diversity and abundance, leaving the soil unprotected (Agnoletti 2007; Teague et al. 2011 ).
CLUSTER 2: WATER CONTAMINATION C4: Surface water contamination: it is produced by livestock excrements, which are dragged toward water bodies (creeks, rivers, lakes). All of this produces water contamination by organic and inorganic chemical compounds (Strauch 2009 CLUSTER 3: ATMOSPHERIC CONTAMINATION C6: Atmospheric emissions due to pasture burning: these emissions are produced by pasture burning generated by the cattle raisers in order to obtain new herbs to feed the livestock. This practice is common among the herdsman from the Andes region. These pasture burnings produce greenhouse gases such as carbon dioxide (CO 2 ) and also particulate matter like soot and ashes (Savadogo 2007; Solomon et al. 2007 ).
CLUSTER 4: OWNERSHIP RIGHTS AND LIMITS C7: Land ownership: the grazing is tightly related to the problem of land ownership of some cattle ranches inside the park. Thus, some herdsmen think that grazing inside the park is their right. Besides, other herdsmen who do not have any land ownership inside the park cross the limits of the park with their cattle in order to graze (Himley 2009; Solomon et al. 2007 ).
C8: Delimitation of the park: this problem is directly related to the grazing due to the absence of the physical delimitation of the park. Hence, some cattle raisers invade the park to carry out grazing activities (Busch 2006; Himley 2009 ).
CLUSTER 5: SOCIOECONOMIC ASPECT C9: Job opportunities and incomes: grazing is an economic activity of the communities living in the Andean páramos (high altitude andean grassland). With this economic activity, the local communities get most of their incomes to live. Therefore, it is necessary to diversify the job opportunities in order to get incomes from other economic activities by using the CNP natural resources in a sustainable way (Barkmann et al. 2008 CLUSTER 6: STRATEGY ALTERNATIVES. A1. Physical delimitation of the park and livestock entering control: In order to solve overgrazing in the park, it is necessary to control the entering of livestock as well as to build a physical boundary in the most vulnerable zones.
A2. Productive projects opportunities: To diminish or eliminate overgrazing, it is necessary to establish job opportunities and alternative sources of incomes for the local communities, through the development of sustainable community projects (Reed et al. 2006 ).
A3. Pastures subsidy:
In order to avoid overgrazing within the park, it is necessary to supply pastures for livestock at no cost, which would be subsidized by the Ecuadorian government.
The decision problem model
According to the experts the correlation matrix is set as shown in Table 1 . The network model is as shown in Figure 2 . 
Selection of the stakeholders
After making an analysis of all stakeholders related to the CNP, 15 agents were firstly listed to be analyzed according their interests and influence in grazing issues. Afterwards, a final list was established with 7 stakeholders, who are the most involved agents in the management of the park and have enough knowledge about grazing in protected areas; those are the following: a) Authorities: CNP parkguard b) Tourist operator: a representative c) Tourist: a representative d) Local communities: Two representatives were selected: one is a cattle raiser. The other one is a neighborhood leader e) Science: Two university experts were selected: one expert in natural areas management. The other expert is an environmental researcher with several published scientific papers about the Cotopaxi volcano Thus, the group of stakeholders was formed by 7 people, who are the main representatives from the related agents of the park, whose influence is critical at the moment of taking decisions about the management of this natural area.
Results of the study
Criteria and alternatives weights (preferences)
According to the stakeholders the Limit Supermatrix by stakeholder and, the Limit Supermatrix with aggregated results are shown in Table 2 . Prioritizations of the different stakeholders were aggregated by means of the geometric mean according to Saaty's proposal (Saaty, 2001) , Accordingly, criteria ranking are shown in figure 3 (Note: values have been normalized in two general groups: Alternatives and Criteria). 
Discussion
As depicted in the individual diagrams (Figure 3 ), the stakeholders hold very different points of view about the criteria regarding grazing. Thus, the parkguard considers the criteria "surface water contamination" (24%) and "atmospheric emissions due to pasture burning" (22%) as the most important. The natural areas expert considers the criteria "surface water contamination" (24%) and "atmospheric emissions due to pasture burning" (24%) as the most important. The environmental researcher considers most important the criteria "atmospheric emissions due to pasture burning" (23%) and "surface water contamination" (20%). The tourist operator considers the criteria "atmospheric emissions due to pasture burning" (39%) and surface water contamination (17%) as the most important. The tourist considers the criteria "atmospheric emissions due to pasture burning" (45%) and "surface water contamination" (17%) as the most important. For the cattle raiser and neighborhood leader, the criteria most important are different from the previous stakeholders; thus, for them the most important are "pastoral tradition" and "job opportunities and incomes" with 29%, 14% and 20%, 19% respectively (Table 2) . Additionally, in the Figure 3 are presented the individual results of all criteria, where there are two marked tendencies about the importance of the criteria related to the grazing in the CNP. One trend is held by the cattle raiser and the neighborhood leader who consider the criteria "pastoral tradition" (maximum 29%) and "job opportunities and incomes" (maximum 20%) as the most important; the other trend is held by the other 5 stakeholders who consider the criteria "atmospheric emissions due to pasture burning" (maximum 45%) and "surface water contamination" (maximum 24%) as the most important. In figure 4 the results of the solution alternatives by stakeholders are presented. The alternative "productive projects opportunities" is preferred by the cattle raiser (69%); the alternative "physical delimitation of the park and livestock entering control" is preferred by the expert in natural areas (78%), and the alternative "pastures subsidy" is more preferred by the local neighborhood leader (48%). The solution alternatives obtained by using the ANP model, are presented in the Figure 4 . Thus, the alternatives prioritization obtained after the global judgments aggregation, is as follows: productive projects opportunities (44%), physical delimitation of the park and livestock entering control" (37%), and "pastures subsidy" was less preferred (19%).
Conclusions
This paper presents a new approach for the efficient and reliable assessment of grazing in protected natural areas, based on sustainable criteria. The proposed methodology allows elaborating a decision model based on the participation of all involved stakeholders. The methodology allowed combining different sustainable criteria (which were clustered according to their characteristics) and taking into account the judgements of the most involved stakeholders who exert a great influence in the sustainable management of the national park.
The selected solution alternatives should be taken into account by the Environmental Minestry of Ecuador in order to carry out a management plan of the Cotopaxi National Park which includes the participation of all stakeholders especially those who do not agree with the selected strategies. Such a management plan should include some productive projects alternatives such as: ecologic tourism, tourist guides, lodge, food and transport services, handicraft manufacturing, environmental training, and so on.
On the other hand, in the application of this model, there was an agreement among the stakeholders about the final evaluation of the strategies prioritization to solve the grazing and its impacts in the CNP. Thus, the execution of the suggested solution alternatives by the Ecuadorian environmental authorities by means of the park administration will be more effective and guarantee a greater success in the sustainable management of this protected natural area. Although the methodology satisfied the experts as well as the decision makers, the ANP procedure was not free of criticism. During the ANP application to the case study some difficulties showed. For example, complexity of the ANP comparisons were observed. Hence, the questionnaires must be carefully designed and the comparison process must be helped by a facilitator. Despite these difficulties, the results obtained in this work allow us to conclude that ANP is a suitable tool for assessing the grazing and its sustainable strategies in the Cotopaxi National Park. Although the new proposal has been specifically applied to the CNP, this tool can be adapted to any type of sustainability decision-making problem, provided the criteria are properly identified and there are some dependencies among them.
